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(54) SILICON WAFER AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a produce having an improved getting power 
against various contamination in the device process, without applying any treatment to 
provide the EG effect by forming an epitaxial film on the surface of a wafer having an 
oxygen carbon concns. within specified ranges to simplify the process. 
SOLUTION: A wafer made of a single crystal grown by the CZ method has an O concn. 
of 12-27x1 01 7atoms/cm3 and C concn. of 0.5-32x1 01 6atoms/cm3. An epitaxial layer is 
formed on wafer surface which is not processed at all for providing the EG effect. 
When, e.g. a Si single crystal ingot is pulled up at the O and C concns. controlled in a 
predetermined ranges by the CZ method and sliced into Si wafers. Each or one side of 
the wafer is polished into a mirror surface, without applying any process for providing 
the EG effect, and epitaxial layer is formed by the chemical vapor deposition on a 
predetermined surface. 
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[#fF«#©36B] 

[ft*gl] CZj£KTW/*5*i*:v'J =1 
£>9, mm&&tfl 2~27x 1 017a t oras/cm 
3, KSigg^O. 5-32 x 1 016a t oms/cm3 
©*KliC*»J, EG^*#JW#-e£3&JI;»5:£<J6;* 
nt v > fti > tf x -;sv>mM e x tf * * -> + $ 
titz-y l ) ^ > tf x— v\„ 

[«#«2] fflf#Jg 1 Cfc^T, tf x-ys^ffiXU: 
j^ffiri^BW^S tf x -/\<5tll:ie? * -> + ^ 
flOTLfc 5/ 'J n > tf x -/v 

3 > JM£ £ *5 # □ v 5 fc t4 ij > K _ -f s n?t -> 3 V 

x-V\, 

C»**4] CZ«cfcT5l*_hlfB*C, f'J^fjg 
SrtOSEIgjSS^ 1 2-2 7 x l 017a t oms/cm 
3, ^^jSS&O. 5~32xl016atoms/cm3 
<)!)#JBHK:«9»LT?|*±lffcS' 'J 3 WttAW y^y 
h«k9, *>'J3>tf x-/NC«OtBLrtJE^fc, EG3&* 

* 5 ^-ets^a^j£-rci:^<, * x-^©jraxtt 

x tf ? * •> + ^IS;*lt 3 -> 'J =i V tf x -yNO»Jft» 
[000 1] 

[&0!©*-f Sttflf#BP] dWlSWi, LSI^VLS 

tz x tf^ * -> -v ;Hg£*-f -5 -> U > tf x -vn 

xtf • tf x-^fcV>tf) W^cRlc^O, ^3^7^^ + 

CZ*fei:^tf) {3cfc0->-j3y^a$r§|t±lf-5ISg 

lz. ^SfSSfcO. 5-3 2 x l 016a t oms/cm 

JgU xtf?*vWW£§|:&aiSLTIiig-t3 3£CJ: 
0, LS I WLS II^W^gijgtf'a-fc^KfcttS 

fcawui+cat**** ©rfife&tf x-^flgc-ejt 

«T*Zi:j&*-C£, tf x-^K^tbLfiSJE^aEG 
(Extrinsic-Gettering) $jS* 5 88 

^-c^afcLSfc-^ss-rci:^, tf x-/N©y>^'j 

[0002] 

[ft*0D&ffi] LSI, VSLl^f/W^Sffflg 

ift -mz czm\z&<o ^&$ht z -> .j 3 >^<gf B 
>f y^-y ^-*^^)'?ti!^^^fe-> , ; 3 vtf i-^#tfla 



[0 0 0 3] fr^^ttRT-C^^-C ^AR-saio^a^ 
V>£. — ^r, xA-f^tf x-yNCDS«-CfeS->'J=i>tf 

x-^\zttLT i>mmmit$ixtzr xizmi&Lnz 

II. ^ntPHZi&zi X h&->>; n>tf x-/i®0tjg4<ft 

[0 0 0 4] ft*, ±l2ffljfeli^ffl$nTV>/i->Vn> 
tf x-/M±, CZffitr J:»5?lt±tffc-> 1 J ayJWgft-f 

h«fco^joaisixTtf x-/Njnxsn?t^ g® 

»ZEG3&S£»i?rC;*.5EG&3i. Mxlf. PBS (P 
oly-BackSeal), BSD (Backsid 
e-Dammage) , x + S/ v V — +N£©$0.3£3g L 
fcft. ^{ll©*^®SnILfctf x-^jSS-j&ftT-afeo 

[0 0 0 5] (g=i^ KhOPS^^-r^fcAcDOilo 

num. '-giimt-? ttmiz LX, tfx-^ 

SDl;£j££&3fc©EG#UI1r9 fr® ^® tf x - J \ e» , 
EG^aS^ LT'tf x— ^©^iiSWilS^^SAnl-r 

mm. EG&mtnLmwmM-y i-Atts:^ 

[0 0 0 6] "T^*,, ^OEG&ltO/tiSil^ 
x-^Ntrtfc^Si:, r'ysV x^at^IgToi" ©f5 
^^MSli-B-Sfctotrtf i-zxlBi:, 0Ux.(S, S i 0 
2{gigG9i»#=f t3 iot^-^ Srtf tt S B S D^rfe-^P 
BS^;6»3cfc£gffiEG&SIga 5 *Bre£5Ci:, * 
fc, tf x-^*McD*^^ffii)nx-r^«-g-cjt^TM® 

sfciwr, Hrmmm-yx.-'Mzit^mwm.w-y 

[0 0 0 7] fezix h^ctf x-^$rf^S-r^fc 

^®tf x-^ir*fLT, tf x-^s®fr-|5re,EG5aaja 

X 5r 86 $ V % E G AI «c L fr®^® tf x - / Mr 2, 

tf x -y\©^®froV>T(i E G^aa?rf5j JtcV'x •> 
(xy^®£t±tf) tf i-Akf5i:l:J:ot«S 
^®tf x-yMm*C, BSD$agXg*^B&-r£3i:# 

[0 0 0 8] iU&tgfc-r/'W x*5f^g $ 

ai?-r, m^w^ettfBit»zfefc5tf i-A*isy* 
®i£^» ©^Sa D pS^tt^ma«i a n pS^ix(r ov ^ a. 

|g, i^*S<t$nfcD - RAMiMfftSf^filttf x-^ 
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C0009] z<Dmm*m&:Tztziib(Dftmtf)t!;jjmi: 
oiisn^.®?*j@go i ©{gM{b. -mt lio i i 

4~ 1 6 x l 017a t oms/cm3£>#it&%0 i 9 
~ 1 1 x i 017a t oms/cm3C2£3E-f 

n x v> s yfmm^t m -c * s * - # > a* * © ~> . j 3 y 
it. mz.i£, mmmmc so. ixioi6atoms/ 

cm3WTi:^-5J:-5tr, > 'J zi x-^Wjftj&fcKfb 
[0 0 10] B^, ^/Wx<7)S*«^L* s iiitrl3on 

*>o, g?3g?§so i Rtf«*»isc s^<g<jm*j$-a-* 
t soia i: jcc zmm Rummftm iz&&? b m d 

(B u 1 k-m icro-defects) Rlf^ixiz 
#oT#££T-5-&$;R§. CTAtfOSF (Ox i da t 
i on— Induced — Stacki ngFaul 

t) ^©aiifcwiws-ea^tttfssisn-c^a. 

[0 0 1 1 ] 

■ci±, ^i©i%5gm HMBftsn*f^-f *stii 

[0 0 12] -fftfc>*>, xtf - ^ x-^0i§£-, xfcf* 

*~>*>um<piz\*mmi>)K mx.iso. 1 x 1 oi7a t o 

ms/cm3*« ( S I MS \Z £ Sfttig) 

if ME L fcV^ tztb C x A -< x*H£CS»»*S«-r B M 

D#Cf)^BlA5^-et^««C?i<, x + -MB 

3 c t: A*— tt»cft <=> ftT v ^ 0 
[0 0 13] LfrLK&c,. <, ©3* Kb 

x-;\-*»g®x.y^ K^x-z^lSi: LTffl^Tftgi 

Dftftn^Y i e 1 d%^^)t«He>*>©^ft 

[0 0 1 4] Tftio*>, ^'Jnv^-A-iHir^W 



[0015] — ttftizii,- ^oDzrt^xe • -^x-^ 

E G&SfaX* ■> x -MflsHlS»z*5i,>T*!r 

Ztta&ib, EGtismmT.*mv&Ltzia,&. r/Uxzf 
[0 0 16JCTx.fi, ? x-zN'+'lzffijftffilcB (#o 

» ^-t-trffiJsstp^cD^-g-, d©B* j y-y 9 <) >?mt 

LT<D®.m*n-3T*><0, flUtf, Fe (£*) \Z*ILT 
KFetBV^T (Fe-B) *flJ*f|sJBa**D. ^ 

L*>L^c* 5 e>, flj;ttf 1 x l 012a t oms/ 

cm2CDNi (x y ^;U) ^Cu (^) 4P<©?f JfeTcffC 
*fLT«F e-B©<}:a^fFffltt^<, y >^'JV^|g 

x #@ S 0 =&(ST $ -tt-T L * -5 ii V x ^ ^A^ab o 

[0 0 17] I^SItr, CTAtf, ^x-/\+i;P CJ» 
^B*#tra#ffi*tp D a (ic~&+0 • cm) (D®&lz*> 
V^T, xtr^^r-> + ^i5:S6-r3i:tr < i:0t7x-/Nrt 
SBtr^ft LTi^fc BMD 3iifO«e3S#rtB^rA*j»« LX L 
flJxtf, 5 x l 017a t oms/ 

v^S^f- 1 OlOp i e c e s/cm3C9BM 
D^S**r€>affi^xfcr^ + ->^;UjsK4»3.j:oT. 1 
04p i e c e s/cntfUTCfr-S&if, y-y^'J>^ 

X 7 o -tr ^ \Z tiV >T 3 ©ffi(nj* 5 ^ L V \ 
[0 0 18] Z<D&W\£, ^Lif • ^x-yN©<S3X Mb 
&05?t*»ZX@^T*t-5fe*ltfflf^bLT, ^x-;n£ 

3i:^«c<, ^x-ZNCDx^'I'^^'a-fe^fcijt-tSffl^cD 
fimzMTZfy 9 'J Vi/|gCD|o]±$-ti-^xtr • 

[00 19] 

[Pg$r^-r5^i6(D^©] '>x-y^^3^ 
0 ffi L f$.i&&<D E G JftjR^JWfiF-e t % %M % -«J6f 3 
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C Zj£t3TW^$n^i/'J 3>^f B tt, EG&SfcJfc 

C0020] w&-fz>£. czsiaotM 
s nfc -> 'j 3 y mm&<piz ammo* >wy & 

>j 3 :/JM&a#wj«sftssieK:*s^T«*ASi'i3 

fc Wi4r»*Wffltt<>*<j6 

n, czifeK:TJ|iisft'>'j3y*Trj«-rsBHi» &xtt 
t, EG»sjDiaM^6«5£ttTi'*&v'MBs®&ffi'>x— 

L< »±tf®gfc®^ x-^£xtf?*-> wUK&dfcg 
S-B-, xbf • ^x-^SrMft-rsr fcCtO, i^^h 

[0 0 2 1] -T COHfJIi, CZftCtf^S 
ftfc > 'J 3 yJMSi-cfc 0 , gfcmiggO i 1 2 ~ 2 7 
x 1 017a t oms/cm3, KXftS (C s) tfO. 
5~3 2xi 016a t om s/cm3<7>#ei§»;:£>9, 

e g «b**«»w*-e * s < $ nt v > & i > ■> x - 

[0 0 2 2] ifc, 3<D#SWi. CZtetrT5lt±lf«f 
•> 'J a yMSrtCitiftSO i 4 1 2-2 7 x 1 
017a t oms/cm3, B&tmBL (Cs) £0. 5- 
3 2x1 016a t oms/cm3<E>#©BK$IJ$ll,T3l 

-/\C«J9HJLJ*»U EGSMWHlfrctS 

ArKfrOK? ftCfcC £9, EG&3ia 5 fr<xfc?**v 
WH«ISnfc'>i-A5:#S>' 'J 3 >^x-/\©gi& 

[0023] 

ztzzw&Wit. EGa*«-et4iaii J i< 

^©tflfllWttCTMHRKO i % 1 2-2 7 x 1 C17 
a t oms/cm3<&KHC1WaiU ftB$£ttftX*:fls 
flnt-SClttr J:9^*igS (Cs) £0. 5~32xl 
016a t oms/cm3©IEH»zftiJ^I-r*Ci:»wJ;0, 
* x -/Mitt 0 m L«»*OE G»**«JM«fCS 4»a 



[0 0 2 4] lot, 'J a >*feftC»±, 

do fimzmmTzzni*. m&mYy?>)> 
c p k- y *m l -> y 3 c *5 v»t t nut® c: 

[0 0 2 5] ^i-;M5r^^^nt; 

Cxhf^^r->-v^j5R*»zJ;5J«K ! SrfT-5xe • ^ x-v\ 
tore, ffij£(DYW.g.*nZ> tzlsb^a)^- -y 
* > ^ £> V % ffl® $rJE L feS® x y + K ^ x - 

^H^ffi-^x-^N, pgB^B^x-yNti^xtf • 
-^x-ysi: LTJIttL, WS^S®^ x-^tr«>oTttffi 

[0 0 2 6] ZORWlZisK^X, fr^Lfccfe^lZSSfgS 
SO i i:^*j§SC s «ritJn$ii-^3i:l±. BMDfO 

tf 9 ^ > + ;UJ5S*^SX@+"l3*3ti- 5 iB5®T-etf>K# 
H«»r«i;^T, ^x-/N«ffi^e»wm©®«T-fiwix 

?. <d b m d & m m s -a- ^> re m * 5 » ^ n z tz & ir mm & v 
[0027] doiSEEi-fcv^ m%m&o i iz-o\^t 

tt, 1 2 — 2 7 x l 017a t oms/cm3i:l6i?:I 
5£-r^. 0 ^JggO i 1 0. 5x l 017a t oms/c 

m3aa-e i> mmmm. c s ©»***3-a-c «t 

oTIi-Zy ^ 'J >^&*£^-r'*x-/\l J #3E-r3 1 ii: 
MBLfc4«, AtSlttRlfflaKSttt^itLT 1 2 x 
1 0 17a t oms/c mZlik±t L, JiPSli, -> U 3 > 
3MgiP B <f KJ&9ii*?iSg;ttrC2b£2 7 x l 017a t 
oms/cm3i: Lfc, 

[0 0 2 8] S/c, ^mS-CsiZ^Xit. O. 5- 
3 2x1 016a t oms/cm3l:iII:RSt^ K 
*j§SCs0. 3 x l 016a t oms/c m3ffi3T'^ 

^mi-'y ^-^bftte-tzztzmmLtztf. 

Sf/ffa^ttt^LTO. 5W±i: L, ±PBfiv'J 
3 >+t3^0iitn4«^ffl-Cfe^ 3 2xi 016a t o 
m s / c m3fc Ltz B 

[0029] 

[HJSffil] 
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nmmi 

c zmz j: oTiSS8 >r >^o-> 3 

B (tfoy) satin LT, SSJgirxffips ; 
0. 0 0 4-0. 0 10 [Q • cm] , mm&&0 i : 
8. 4-2 2 [x l 017a t oms/cm3] , ^jgjft 
S. Cs:0. 1 -2 0 [x l 016a t oms/c 
m3] ©ttf ^tt^*-r^v'j 3>^f B $rWJ55cLfe„ 
[0 0 3 0] 3©->'J ^VitMgiHSffl^T, g®Ktt5 
0 0 OAcOPBS^fai^lLtEGtO 1 j--^IZ 
*DXLfc«-®MB^x-/Ni:, ^SSgtSiDXLfctCD 
(D2 7jcPcD+^>:^K3, H 1 ir^-f <fc-5ft:i:fcf?*-> + 
J/J«4 ^ n -fe * c T x hf ? * > * 3 ju m/£ft $ -g- 
fe^ir, m x l 012a t oms/c m209N i , F 

x-;N*Hfc:5£i?S?lfeS-ti-fctfcC 1 0 0 0TC-C6 0#CD 

*»ic J; o x ■> x - y\rtaj* -eff !ft«:js*s-a-fc 4, © 

[003 l]^f)O^y^;n;W (2 5 OA) £ 
ftttfc«, P o 1 y - S i mffiODMO S £fFgi Lfc& 

AiS^Y i e 1 d* 5 7 0%&ilg;i3->J->;A»H;:-3>v>Tf;J: 

is*©— 3 ~ei 6 ir^-r. 

[0 0 3 2] ^*JwC-C, ^?fe=§: 1 x l 012a t oms 
/cm2£: LtzMtm&Ltz&olZT/U X*-ii\zl8 

aft<O^D-t^f55fe***<!!)±(R»i*&l x l 012a t o 
ms/cm2-e*Sz:i:*»e)*^Lfco IHHC f5^7c 
X 13 o V > T *j flfefc© 3 tcS? #2S£-t * S|g£* s K V * 3 t a* 

[0033] 03, 04, S5Sl/06-C«, EGtO 

xtr* + (ftT4&JI&ft= : 1 200t/l 00 s 
ec, DEPOSITIONS; 1 050"CT3^m 

• p e p i 2Q • cm) N i tcXCJ: 

*f5»%ffofc«u:, {gta^W^^a-b^ffi^©B12 
cd-> 5 u--> a yf&Mm&^feLtz-* >7>viz-3\.^ 
T, ^jSfiCsfi«©»^jgffiO i £flfcfcK»Ettt£ 
IMCftttSAAVY i e 1 d fcc&HfffcjSf. 

[0034] ^7 -f Affl x -/\t LT5I # 

ffi«C s©EA»fc*iag&PB98JfW • &«L, y'J^ 

snzBtmrnmc s liimsttSQtttttiBjra-e&a o. 



1 x i 016a t oms/cm3WT©U'<;M;:&.5 <( m. 
XlSgC s© U-?^* 5 0. 1 x l 016a t oms/cm 
3«T©^>:/;U£ffll>fc^©$fjigaO i £ Afi* 
Y i e 1 d£:©M#0D— flJ&HSK^-f,, 

[0 0 3 5] EG«LS^J6$nTV>^M-^®'7x-y\ 
©*§3\ N i ^«iS©#jfe©S^CH^^<, <£&3? 

i§go i frbimmmBLo \ ^>^j^-c^s,mY i e 

[0 0 3 6] EG«lllA5Jg$nTV^V^ffiMM 

ifr^iKmmmmo i t-ess^Yi e 1 d#i*^zt 

li, fciB*Y i e 1 dO&T tfmtb^n. ■£©«ft«'7 
x-M©<g^*jSSO i fttfctcaafcillan*, 3 

&#'J>tj;\,^zftlZ&T(D&&*ffim-(;$ti:fr-,tz<bO)t 
[0 0 3 7] H4, 05, EI6»3ti^H-?nC sCD-^% 
fc*-&OKSf«SO i £&&,mY i e 1 d . 

aELfc^*=sr^-r. mmzyvtrv^rmz^-tzKw 

MS^x-^^oV-iTti, ±iE©^*i§SC s 0. 1 
x 1 016a t oms/cm3WTi:^oe*I', «ft 
&S©**»3#t^6-r»3, AS*Y i e 1 d(*KV>3i; 

[0 0 3 8] ifc, Wffi*ffi->x-/\»rov%-ct)f5Sftftl 

?Yiel dttKV^i:#*BSnfc. — ^, fflfeAUi 
SrffofcS^Cov>Tt, S?*«SO i i:^«jgSCs 

y»5"J Vi/|g=&*-rs^tffi^®^x-yNi:|H)^©ap D n 
?Yiel d* 5 ^$ia-C*i'?, A£¥Y i e 1 d©(ST 

[0 0 3 9] 

czj£tj:oTWfiR$n/cii:s8'r a«ffi5tfip 

s : 1. 0-2. 5 [Q • cm] , &3siggO i : 1 0 
-2 2 [x l 017a t oms/cm3] , ^XiSftC 
s:0. 1— 20 [xi 016 at oms/cm3] <n& 
ltt*t*i"J3>«Mt:fl«Lfc. :©-/V3>| 
fe^lrfflV^T, KffiKHSJ6EG4iaftlX**lfiSilTV^ 

a y&MW*mLtz„ mffiLtzmmm'*? ->*®8iz 
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©— #Jft09~01 2 iZTjkto 

[0040] 09, 010, 01 l&Ximi 2"m, E 
G&S&l^^S&B^x-yM;:, xtf? + f^Wk 

(ifii^tt : 1 1 5 0C/300S e c, DEPOS 
ITION&f*: 1100tt5tfm-pepi2Q- 
cm) ft /Sfi Cu7t%\z£ZB%i&?T^tzW: 

vilfc&Sftli^Lfc-tf v7m;~^t, MtiSCsl 
«©S£#iggO i i:KYLf^Wff#ttPffi(ri3^sap D p^ 
Yield i:©PH£ft^-f,, 

[0 0 4 1 ] KS??gSC s©U-?;W* 5 0. lxl016a 
t oms/cm3*^©^>7^ftfflV^:f§-&©8>35!ft 
gO i fc&p^Y i e 1 dt©gJH£©-0IJft0 9K::^ 
■fo C u^^aa* 5 ^Tioi^TV^^V''■9•>^ , ;^l3ov^T^i 
O i WA>e>i«55&5RitgO i ^v^l^T&p'p 
?Yiel dte&xmi^Zttfmtbbfttzo Lri'Lfctf 

fcLiJ-vy^Chfc^-SfcSp^Y i e 1 d li^ifglcUBT 
[0 0 4 2] Z<DZtit, ^x-^c^-rsg^tfr 

^MlttStCSRSH, *©*£*, &m%fe&0 i 
p°p^Y i e 1 d(D<gT«HA 5 '>^*^Jti:#xe>n-5o 

[00433 bio, hi i, bi 2»3f*, *n^*u£ 

#*§gC s ©-t-^JtfcO. 5 x i 016a t oms/cm 
3S.r/5. Oxl016atoms/cm33£yi:20xi 

oi6a t oms / cma\z%mLtz-y-y7>\s&m\,^tzm 

&<Dm%m&0 i fcjftS*Y i e 1 d£(Dm&*m&L 

©Sp q p^Y i e 1 dffliT^ften*. LfrltoP 
6, KK^iSSO i <batfO*K«Hft*C sftlliffl^ 
ne>®ftS$Y i e 1 d<Z><£TI*8ti>&nfc<&*. 
[0044] 3©3i:tt, mjiEri:<&St}igO i ©i?( 
m >f5*7B**»»"r 4 fls/8 ft »o*#W 

^■^fi?fift«jfi$-ti-f»4ia*A ? ^itL, me>©s&m 
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